ABSTRACT: We investigated the occurrence of imposex in gastropods from the coastal waters of mainland China from November 1999 to July 2004. Imposex was found in 30 species from 8 families, and was recorded in 20 species for the first time. In addition to the already known phenotypes of imposex expression in Cantharus cecillei, we also found aborted egg capsules in specimens with a split ventral channel (stage and type classification: S 6c* ) and various extensions of the proximal vas deferens (PVD). The PVD went up to or passed by the vaginal opening, and then it stopped or continued along the capsule gland. In imposex females, the penis shape and the development of the vas deferens were similar to those of the male of the same species. The morphological expressions of imposex showed diverse stages and types. Reproductive failure of females occurred in 13 species. The results suggest that imposex is widespread and severe in the coastal waters of China. Based on our aims of ecological and morphological significance, a typical imposex classification could be further generalized for all 30 species by adding S 6c(*) and 2 subdivisions of the PVD. The generalized scheme was also ascertained to be valid for several morphological variations of imposex in previous work. Sterility at S 6c(*) was proven to be due to the infolding of the capsule gland wall. We thus summed up 4 mechanisms of sterility (a, b, c and *) in females. Furthermore, it was shown that the normal structure of the male genital system also affected the morphological expressions of imposex to some degree, which we referred to as 'effect of male structure'. Finally, we put forward a general classification scheme of imposex with an integrated system of aims, criteria, stages, types (subtypes), pathways and mechanisms of imposex.
INTRODUCTION
Imposex is the occurrence of male sex organs such as a penis and vas deferens in female gastropods (Smith 1971) . This masculinization can lead to reproductive failure in females and even to the extinction of populations (Gibbs & Bryan 1986) . Imposex is mainly induced by organotin compounds used as biocides in antifouling paints (Smith 1981a ,b,c, Bryan et al. 1987 , 1988 . To date, more than 170 species of gastropods, represented by 28 families, have been shown to be affected by imposex , deFur et al. 1999 , Horiguchi et al. 2000 ; see Appendix 1, www.intres.com/articles/suppl/m304p179_app.pdf). However, on a worldwide scale, there is still a requirement to extend the scope of studies to include more tropical forms (Gibbs & Bryan 1996) .
A number of species show diverse morphological expressions of imposex. Fioroni et al. (1991) proposed an imposex classification scheme to outline these expressions based on the presence of a penis, the extension of the vas deferens and malformations of the pallial oviduct in 69 species. The scheme has been continuously modified ). In the typical scheme at present, imposex expressions are classified into 7 stages, with 3 types (a, b, c) in the first 3 stages and Stage 5, and 2 types in Stages 4 and 6. This scheme is generally valid for imposex descriptions in most prosobranch species and is widely used (Kohn & Almasi 1993 , Minchin et al. 1997 , Bech 2002 . However, since the characters of imposex show widely inter-specific, intra-specific and geographical differences , this typical imposex scheme will probably fail to cover all morphological variations. According to the references available, it is not appropriate for several of the main types of morphological expressions.
Firstly, aborted egg capsules may occur in Nassarius reticulatus (Buccinidae), even without any external signs of vulva blockage by vas deferens proliferation (Huet et al. 1995 , Barreiro et al. 2001 , Barroso et al. 2002 . In Stage 4, the vas deferens develops from the base of the penis up to the vaginal opening (S 4 ), or passes by the vaginal opening and runs into the ventral channel of the capsule gland (S 4* ). Stroben et al. (1992) first distinguished S 4* based on findings in N. reticulatus and regarded it as the end of imposex development in this species. However, later surveys suggested that sterility of N. reticulatus females appears to be a common phenomenon (Huet et al. 1995 , Barreiro et al. 2001 , Barroso et al. 2002 .
Secondly, aborted egg capsules are often present in Hexaplex trunculus with a ventrally split pallial oviduct (Terlizzi et al. 2004 ). According to the typical scheme, a split pallial oviduct prevents copulation due to the open bursa copulatrix or egg capsule formation as a consequence of the open capsule gland. Therefore, it was argued that aborted egg capsules cannot be formed and consequently no S 6c stage should exist. However, the reports of aborted egg capsules in H. trunculus resemble Stage 6 in Nucella lapillus (Gibbs & Bryan 1986 , Terlizzi et al. 2004 .
Thirdly, various extensions of the proximal vas deferens (PVD) occur in several species such as Lepsiella scobina, Nassarius reticulatus, Neptunea antiqua and Cantharus cecillei (Stewart et al. 1992 , Power & Keegan 2001 , Barroso et al. 2002 , Shi et al. 2005 . In the typical scheme, the PVD either joins the vaginal opening or passes by it and enters the capsule gland. In some species, however, the PVD also extends laterally after joining the vaginal opening, or passes by the vaginal opening and just ends in the posterior section of the pallial cavity .
Finally, a penis may be lacking and yet, vas deferens formation may be weak in imposex-affected females of Nucella lapillus. This phenomenon was first reported in a restricted area in Southeast England by Gibbs (1993) who called it the Dumpton Syndrome (DS). In the typical scheme, a penis is regarded as a conspicuous masculine character and the complete penis will be formed at least in Stage 4. However, sterility may occur in females of N. lapillus without formation of a penis (Huet et al. 1996 , Barreiro et al. 1999 .
Such conspicuous variations usually cause confusion when classifying the morphological expressions of imposex. It is sometimes difficult to distinguish the stages in some species (Power & Keegan 2001) . For example, Hexaplex trunculus with aborted egg capsules is still classified as Stage 5 (Axiak et al. 1995) . To make the identification easy, several schemes are proposed for specific species, based on different criteria (Axiak et al. 1995 , Barreiro et al. 1999 , Mensink et al. 2002 . For example, Barreiro et al. (1999) proposed a specific scheme for DS in Nucella lapillus solely based on vas deferens development instead of vas deferens and penis development in the typical scheme.
Subsequently, the variability in the classification makes the assessment of imposex problematic when comparing different investigations if different values of the vas deferens sequence index (VDSI) are used for the same expression (Ruiz et al. 2005) . For example, the VDSI of Nassarius reticulatus at S 4* has been computed as 4.0, 4.5 and 5.0 by different researchers , Barreiro et al. 2001 , Barroso et al. 2002 .
In addition, the mechanisms of sterility are still ambiguous in Nassarius reticulatus and Hexaplex trunculus. The classification is just based on the hypothesis that the degree of imposex will be upgraded along the scheme. Therefore, if the mechanisms are not clearly revealed, it is hard to classify the expression of imposex reasonably. To date, 2 mechanisms have been described (Gibbs & Bryan 1996 , Oehlmann et al. 1998 . One mechanism is the blockage of the vulva by vas deferens tissue or the replacement of the vulva by the prostate, the other is the presence of a longitudinal split in the capsule gland of the adult. It is assumed that aborted egg capsules can only be formed in the first case. However, neither mechanism above completely fits the formation of aborted egg capsules in N. reticulatus or H. trunculus, and new mechanisms have not yet been revealed. Gibbs & Bryan (1996) supposed that the male structure provides important clues as to the net effect of imposex when the female individual is promoted to an advanced stage. Muricidae are prone to sterility because the male tract follows the same path within the mantle cavity as that of the female tract. The pallial vas deferens of males in other groups is parallel to the extension of the oviduct in females. In these cases, the vas deferens of imposex individuals contacts the oviduct some distance behind the genital papilla and does not interfere with copulation or capsule release. However, sterility still occurs in families other than Muricidae such as Buccinidae (Barreiro et al. 2001 , Shi et al. 2005 . Therefore, it is not clear whether sterility can be predicted from the male structure.
Currently, these variations give rise to some confusion about the classification of imposex, the assessment of the VDSI and the mechanisms of sterility. Therefore, the typical scheme needs suitable modification and other mechanisms remain to be discovered.
China has a 3200 km long coastline, a rich gastropod fauna and severe organotin compound contamination (Jiang et al. 2001 ), but surveys of imposex are rarely conducted. For the first time, we investigated imposex on a large scale along the coastal waters of mainland China from November 1999 to July 2004. In our previous study, we modified the typical imposex scheme to suit Cantharus cecillei by adding Types a*, b* and c* as new types, and rearranging Type 4* to be parallel to Type 4 (Shi et al. 2005) . To generalize the updated scheme for C. cecillei, we needed to investigate more species and to ascertain the full range of their imposex expressions.
In the present study, we collected and examined more than 12 000 specimens of gastropods along the coastal waters of mainland China. Morphological parameters and imposex expression were determined, and the mechanisms of reproductive failure in females were also revealed based on anatomical and histological observations. Our objectives were to (1) determine imposex-affected species and their morphological expressions along the coastal waters of mainland China, (2) ascertain whether the modified classification scheme would be valid for these species, and (3) reveal the mechanisms of sterilization in females.
MATERIALS AND METHODS
Gastropods were collected during low tide or bought from the fishermen along the coastal waters of mainland China (Fig. 1) . From November 1999 to July 2004, the external topography of 12 000 specimens in 54 species was analyzed. The animals were narcotized using 7% MgCl 2 in distilled water and the shells were cracked with a vice. The fresh soft bodies were first observed and measured quickly using a magnifier. They were then fixed and preserved in 4% formaldehyde, and observed under a Carl Zeiss Stemi SV11 dissecting microscope. Two hundred and forty specimens preserved in formaldehyde were embedded in paraffin and thinly-sectioned (5 µm). After being stained with hematoxylin-eosin, the sections were analyzed under a Carl Zeiss Axioplan 2 microscope. Micrographs were taken with a Carl Zeiss Axiocam and analyzed using Axio Vision 3.0. One hundred and sixty specimens for scanning electron micrographs were fixed in glutaraldehyde directly after narcotization in MgCl 2 . Samples were dehydrated via a graded ethanol series, critical point dried and coated with gold. Lastly, they were examined with a Philip scanning electron microscope XL-30.
Individuals with testes, a penis, vas deferens and a prostrate were regarded as male; individuals with ovaries, a capsule gland, an albumen gland and a sperm-ingesting gland were regarded as female; females having male sex organs such as a penis or vas deferens were considered to be imposex individuals. Species with imposex individuals were considered as imposex species. The morphological expressions of male, female and imposex individuals were recorded in detail. The stages and types of imposex development were defined according to the updated scheme of imposx by Shi et al. (2005) with further modification (Fig. 2) . The detailed definition is as follows:
Stage 0. Normal female without any male characteristics.
Stage 1 
RESULTS
A total of 54 species from 12 families were collected and 30 species in 8 families showed imposex (Appendix 2, see www.int-res.com/articles/suppl/ m304p179_app.pdf). Most of the species that exhibited imposex belonged to 3 families: Muricidae (14), Buccinidae (6) and Nassidae (3). Imposex-affected species included inter-and subtidal ones. Thais clavigera was the most encountered species, followed by T. gradata and T. luteostoma. The incidence of imposex in T. clavigiera was more than 90% at most collection sites.
All the expressions in the scheme and various extensions of the vas deferens were found (Fig. 2) . In S 6c* , Shi et al. 2005) . The development of imposex was classified into 7 stages (0-6) with 6 types (a, b, c, a*, b* and c*). The types and stages are described in 'Materials and methods'. Due to limited space in the scheme, only the models of Types a, b and c are described and Types a(*), b(*) and c(*) mentioned beside them. Type 4 and Type 4* are still separated, and Type (*) in any other stage actually includes 2 types and subtypes (i and ii) like the layout in Stage 4. Two subtypes means that the vas deferens either enter the capsule gland (i) or run along it (ii). Types a(*) stand for Type a and Type a*, so too do Types b(*) and c(* (Fig. 3a,b) . The bursa copulatrix was unaffected and the internal wall of the capsule gland remained closed. The PVD showed diverse variations. It often joined and ended in the vaginal opening (Fig. 3c) , or passed by the vaginal opening and entered the capsule gland (Fig. 3d) . In addition, it joined the vaginal opening and extended rearward (Fig. 3e) , or passed by the vaginal opening and ran parallel to the capsule gland (Fig. 3f) . Some additional expressions were also found. Bi-or multi-furcate penes were found in males and females. The vas deferens could be branched. Excrescences consisting of hyperplasic tissues arose on the bottom of the mantle cavity or on the penis and the vas deferens.
The morphological expressions of imposex were similar to those of males in the same species. The penis of male Thais clavigera had a thick cylindrical base and a slim cylindrical end, as did that of imposex individuals (Fig. 4a,b) . Penes in male and imposex females of Cantharus cecillei had a penis sheath (Fig. 4c,d ).
Male Babylonia areolata was characterized by a closed vas deferens, and imposex individuals first showed an open vas deferens which then developed into a closed one (Fig. 4e-g ). Male C. cecillei had a special prostrate with a twisting vas deferens, and a similar structure was also found in imposex females (Fig. 4h -j) .
The stages and types of imposex in all species were defined according to the descriptions above. The severity of imposex showed great intra-specific variability (Appendix 2). Cantharus cecillei had the highest diversity in stages and types, followed by Babylonia formosae habei, Thais clavigera and T. luteostoma. Some species, such as Cymbium melo and Tonna sulcosa, exhibited only 1 or 2 stages. The highest imposex levels showed greater inter-specific difference (Appendix 2). The final stage of imposex in 17 species was no less than Stage 4, while in the remaining 13 species sterile females occurred, reaching Stage 5 or 6. The types also differed in the frequency of occurrence. Type a was the most prevalent in S 1 to S 3 , S 4 was more abundant than S 4* , and Type b dominated at Stages 5 and 6. Type* was widespread in C. cecillei and also encountered in other species such as Chicoreus asianus, C. brunneus and B. areolata. (Liu & Suen 1996 , Tan 1999 , Horiguchi et al. 2000 , Li 2000 , Bech 2002 , Shi et al. 2005 , imposex of the other 20 species was reported for the first time. The number of known imposex-affected species therefore increased to 195 in total , deFur et al. 1999 ; Appendix 1). This suggests that the list of imposex species would certainly become longer with further investigation, and the deleterious effects of organotin contamination on gastropods would probably be far greater. Of all affected species, more than half came from the families Muricidae (76), Buccinidae (26) and Conidae (17). This indicated that imposex was more family-specific while species-universal.
DISCUSSION

Imposex-affected species
Except for Neverita didyam, Ergalatax contractus, Thais clavigera, T. distinguenda, T. gradata, T. luteostoma, Rapana venosa, Babylonia areolata, Cantharus cecillei and Nassarius siquijorensis
Species showing sterile females (13) accounted for nearly half of all imposex species (30). It was the first time that sterility was found in Cypreaidae and Conidae. Though imposex has been reported in Chioreus spp. and Babylonia spp. (Liu & Suen 1996 , Tan 1999 , no sterility has been found in these species in previous studies. In addition, our collection areas covered all the main ports in mainland China. Thais clavigera, one of the most encountered species in tropical coast, showed an imposex incidence of more than 90% at most collection sites. Therefore, the present results clearly indicate that imposex is not only widespread but also severe in the coastal waters of mainland China. Imposex can be induced by tributyltin (TBT) at concentrations as low as the ng Sn l -1 level (Bryan et al. 1987 (Bryan et al. , 1988 . TBT has been detected (> 0.5 ng Sn l ) (Jiang et al. 2001 ). These facts indicate that organotin pollution is also widespread and severe in China, which might be the main reason for the induction of imposex in gastropods along the coastal waters of China.
Aims and criteria of a classification scheme
Up to date, different criteria-dependent schemes have been proposed for the description of imposex (Axiak et al. 1995 , Barreiro et al. 1999 , Mensink et al. 2002 . To make a scheme more applicable for general use, 2 questions should first be clarified: (1) What is the purpose of scheme? We think a scheme should possess ecological and morphological significance (Fig. 5) . On the one hand, it should be used for gauging the intensity of imposex. On the other hand, it should reflect the mechanisms of imposex development and sterility in females. Both aspects are closely related. For example, changes in population dynamics can be predicated based on the mechanisms of sterility in females. In addition, the mechanisms of morphological expressions might further provide important clues for revealing the biochemical mechanisms of imposex induced by pollutants. (2) What are the criteria for proposing a scheme? Barreiro et al. (1999) thought the adoption of only 1 criterion to be most reasonable. One criterion based upon vas deferens development might be valid for DS in Nucella lapillus, but not for general use even in this species. Other schemes for specific species are faced with similar difficulties. Actually, the typical scheme is based on 3 criteria: (1) occurrence of a penis, (2) extension of the vas deferens and (3) oviduct malformation. Penis expression is particularly useful in areas of trace contamination, and information on vas deferens formation and oviduct malformation becomes more relevant at higher contamination levels (Gibbs & Bryan 1996) . The typical scheme reflects the complicated process of imposex development with diverse masculine characteristics. In the present paper, a general scheme was required to detect 30 imposex species. Therefore, we would still follow the typical one.
A generalized scheme
In this study, we found diverse morphological expressions, some of which were not covered by the typical scheme but by the updated one for Cantharus cecillei (Shi et al. 2005) . For example, Type * also occurred in several species in addition to C. cecillei (Appendix 2), including specimens with an open vulva or aborted egg capsules. Therefore, the updated scheme for C. cecillei could be generalized in the present study. Nevertheless, further modification was required to satisfy several variations. Aborted egg capsules in C. cecillei with a split ventral channel suggested that S 5c(*) could develop to S 6c(*) (Fig. 3a,b) . This hypothesis was also supported by the proposal of Stage 6 in Hexaplex trunculus (Terlizi et al. 1999 , Pellizzato et al. 2004 . Therefore, S 6c(*) should be added to the generalized scheme.
In each S nm(*) (where n represents 1 stage and m represents 1 type), we subdivided the PVD into 2 subtypes (i and ii) according to its external sign of extension. Subtypes in S nm were defined as the PVD joining and ending in the vulva (i), or passing by the vulva and entering the capsule gland (ii). Correspondingly, subtypes in S nm* were defined as the PVD joining the vaginal opening and being separated from the capsule gland (i), or passing by the vulva and extending parallel to the capsule gland (ii). Due to limited space, we have only listed the model of 2 subtypes in Stage 4, which were actually included in each S nm(*) (Fig. 2) . The subdivision did not only cover all main variations of the PVD but was also useful for the determination of mechanisms of sterility in females.
The generalized scheme also made the classification of imposex and assessment of the VDSI for several main variations clear in previous attempts (Ruiz et al. 2005) . For example, the sterile female in Nassarius reticulatus could be classified as Stage 5 or 6, and the score would be correspondingly calculated as 5 or 6. Then the correlation between the VDSI and the relative penis size index (RPSI) across samples would be improved, resulting in an increased power of discrimination (Barreiro et al. 2001 , Barroso et al. 2002 . The generalized scheme might not cover all the small variations. However, it would still be valid for specific species after a little modification. For example, it seemed invalid for the DS in Nucella lapillus. Actually, DS is a very special and rather localized phenomenon, mainly controlled by genetic factors (Gibbs 1993 , 2005 , Huet et al. 1996 . Nevertheless, Path b in the generalized scheme could still be modified to suit DS in N. lapillus without regard to a penis in Stages 5 and 6 temporarily. On the contrary, it is biased to negate the typical scheme only because it cannot fit a specific species (Barreiro et al. 1999) . In all, the generalized scheme was valid for all the main morphological expressions of imposex found at present (Fig. 2) .
Mechanisms of sterility in females
The mechanisms of sterilization in females with Types a and b have been described. As for Type*, the mechanisms could be distinguished in terms of 2 subtypes of the PVD. For Subtype ii, we could deduce that it was the inner change of the pallial oviduct that led to the sterility in females because the PVD did not disturb the vaginal opening or the pallial oviduct. For Subtype i, the inner change was still the reason for sterility in Cantharus cecillei because the PVD was proven not to extend or block the pallial oviduct directly (Shi et al. 2005) . In Nassarius reticulatus though, the vas deferens enters the capsule gland, and external inspection has failed to reveal what happens to the vas deferens once it stops outside the gland or keeps growing within the ventral channel (Barreiro et al. 2001) . Therefore, the PVD was only a possible reason for sterility in Subtype i N. reticulatus.
The histological sections suggested that the formation of aborted egg capsules in Cantharus cecillei of Type* was due to the folding of the capsule gland wall (Fig. 3a,b) . On one hand, copulation could be achieved because the bursa copulatrix was still complete. On the other hand, the egg capsules could not be released because the internal wall of the capsule gland was still closed. Therefore, the egg capsules would be aborted once the pallial oviduct was blocked. No detailed information was available for Hexaplex trunculus with exteriorly aborted egg capsules, but we could suppose that the inner change might have led to the formation of aborted egg capsules.
According to the types and paths of imposex, we classified the mechanisms of sterility in females into (a) replacement of the vulva by the prostate gland, (b) blockage of the vaginal opening by the vas deferens, (c) a split capsule gland and (*) blockage of the pallial oviduct duct by inner change or the PVD. One species might have several mechanisms of sterility. For example, in Nassarius reticulatus, it has been reported that the vulva can be externally obstructed or covered with tissue excrescence (b) (Barroso et al. 2002) . In addition, aborted egg capsules are also found in female N. reticulatus with an open vulva (*) (Huet et al. 1995 , Barreiro et al. 2001 , Barroso et al. 2002 . The mechanisms were accordant with the types and stages of imposex ( Fig. 2; Appendix 2) . Cantharus cecillei showed the most diverse mechanisms of sterility in females.
Effect of male structure
Our results did not fully support the prediction of net effect of imposex based on male structure by Gibbs & Bryan (1996) because sterility also occurred in other families such as Buccinidae and Conidae. On one hand, male structure actually affected the morphological and histological characteristics of imposex in at least 3 aspects (Fig. 4) . Firstly, the shape of masculine organs in the female followed that in the male. For example, the special male structure of Cantharus cecillei could be copied in imposex individuals, resulting in diverse PVDs and mechanisms of sterility (Shi et al. 2005 ; Fig.  4h-i) . Secondly, the development of masculine organs in the female was similar to that in the male. For example, the closed vas deferens is supposed to arise by fusion of the edges of an open groove, which can be transferred to the oviduct as part of the masculinizing process during the development of the female tract (Gibbs & Bryan 1996) . It is the underlying reason for the split capsule gland in females which could be further proven by results in Babylonia areolata (Fig. 4e-g ). Finally, the paths of imposex development also followed the course of males (Fig. 3) . For example, Path 1a¡2a¡3a¡4¡5b¡6b was the most popular in Muriciade, while Path* was more often encountered in Buccinidae. This was due to the different development of the vas deferens in males of 2 families. On the other hand, the paths of imposex did not fully follow the tract of male structure. Sterile females were still found in Buccinidae and Conidae. This finding disproved the predication that sterility would not occur in groups other than Muricidae (Gibbs & Bryan 1996) . Therefore, to include these new findings, we modified this hypothesis to 'male structure would not determine but affect imposex expressions to some degree during the development of imposex in gastropods'. We call this phenomenon 'effect of male structure'.
It is accepted that imposex is associated with elevated testosterone levels (Spooner et al. 1991) , which might be induced by 2 mechanisms. One is the inhibition of the aromatase enzyme which converts testosterone to estradiol (Spooner et al. 1991) . The other is the interference with the metabolic elimination of testosterone (Ronis & Mason 1996) . TBT has been proved to interfere with the esterification of testosterone, resulting in elevated free testosterone levels (Gooding et al. 2003) . In a recent study, Nishikawa et al. (2004) suggested that retinoid X receptors play an important role in inducing the development of imposex. To date, although several hypotheses have been proposed, the exact biochemical mechanisms of imposex have not yet been fully revealed (Matthiessen & Gibbs 1998) .
The principle of morphological changes might provide useful clues for revealing the mechanism or evidence for confirming the putative mechanism of imposex (Gibbs 2005) . Any morphological expressions of imposex must start with changes of biochemical levels in organisms. Biochemical changes determine morphological expressions. Morphological expressions, in contrast, can reflect biochemical changes. Especially the 'effect of male structure' should be an important principle in imposex development, and is closely related to the intrinsic characters of species and even ecospecies. For example, DS is clearly controlled by genetic factors (Gibbs 1993 , 2005 , Huet et al. 1996 . However, no reports of biochemical mechanisms have been linked to the principle of morphological development in previous studies. Therefore, further efforts should be made to find clues for revealing the biochemical mechanisms involved in the morphological expressions of imposex.
CONCLUSIONS
To date, the imposex classification scheme has been modified many times from simplicity and faultiness to complexity and relative perfection. We modified a few aspects of the typical scheme. In our opinion, the classification scheme should be an integrated system consisting of aims, criteria, stages, types (subtypes), pathways and mechanisms of imposex (Fig. 5) , and all aspects should be internally relative. The generalized system was valid for all the main morphological expressions of imposex species in gastropods at present. It not only could be used for the classification and evaluation of the intensity of imposex but also reflected the mechanisms of imposex development and sterility in females. The principle of 'effect of male structure' in imposex development might provide clues for further revealing biochemical mechanisms of imposex induced by pollutants.
